ABSTRACT: Providing dysphagic patients with thickened liquids is a common part of treatment. However, obtaining and maintaining the correct consistency of these liquids is challenging. This study measured changes in consistency over time and temperature changes for a variety of liquids that were thickened to consistencies resembling nectar and honey. In general, the liquids thickened to nectar consistency remained at that consistency. However, many of the liquids thickened to honey consistency continued to thicken, sometimes substantially. Clinical implications of these results for hydration and nutrition are discussed.
t is common to thicken liquids for dysphagic individuals who either aspirate or are at risk for aspirating thin liquids (Huckabee & Pelletier, 1999; Logemann, 1998) . Liquids are typically thickened to consistencies of nectar, honey, or pudding. Having clients on the right consistency is essential to ensuring a safe swallow. However, obtaining and maintaining the correct consistency poses numerous hurdles.
One problem is the variability among clinicians and institutions in obtaining a specific consistency level (Cichero, Jackson, Halley, & Murdoch, 2000; Glassburn & Deem, 1998) . Another potential problem relates to maintaining an appropriate level of consistency. Liquids can sit around for extended periods of time before they are consumed. For example, an individual's drink may be prepared in the kitchen but not be delivered to him or her for 10 min or more. Or, the drink may sit on the table for numerous minutes before it is consumed. In addition, the individual may drink some of the liquid and then some more after several minutes and some more after several more minutes. If the drink started out hot (e.g., coffee and soup) or cold (e.g., milk and pop), then the temperature of the liquid would change as the liquid sits at room temperature. Little is known about how the consistency of thickened liquids might change over time and with changes in temperature. If consistency does change substantially, then the liquid may become less safe for the individual to swallow. Or, it may become unappealing such that the person does not consume it and hydration is put at risk. Biggs, Cooper, Garcia, and Chambers (2003) provided some information in this area. They studied the consistency of orange juice and apple juice mixed to nectar and honey consistencies by four different thickeners after 2-and 10-min intervals. They found that the liquids thickened to nectar consistency did not change significantly over time. However, both liquids thickened to honey consistency became measurably thicker at 10 min as compared to 2 min when they were mixed with three of the four thickeners.
Additional thickening occurred in apple juice but not orange juice when it was mixed with the fourth thickener, Thick & Easy.
The purpose of the present study was to extend these findings by looking at changes in consistency over longer periods of time and temperature changes and for a wider variety of liquids.
METHOD

Liquids Used
Eight liquids, divided into three temperature categories, were tested. Room temperature liquids included tap water (tested twice) and Old Orchard apple juice. Cold liquids included Dean's 2% milk, Dean's skim milk, Seagram's ginger ale, and Resource prepackaged apple juice (both nectar and honey thickened). Hot liquids included Nestle's Mountain Blend coffee and College Inn low-sodium chicken broth. These liquids were chosen to reflect a variety of typical drinks.
Thickener Used
The thickening agent used in this study was Milani ThickIt. An informal survey revealed that it is one of the more popular thickening agents in our geographic area. It can be noted that this is one of the three thickeners used by Biggs et al. (2003) that showed changes in consistency over time for the honey-thickened liquids.
Time Intervals
Two cups of each type of liquid were prepared for each consistency level (nectar and honey). Consistency and temperature measurements were taken immediately upon mixing. Then, one cup was measured again at 20 min and at 45 min to represent a patient drinking small amounts of liquid over time. The other cup was measured again only after 45 min to represent a liquid sitting for an extended period of time before being consumed.
Measurement Technique
Ten externing speech-language pathology master's students were asked what procedure their facility used to determine the consistency of thickened liquids. All of them indicated that the procedure consisted of following the directions on the thickener package and then verifying the consistency by the fact that it "feels right." Unfortunately, this procedure does not provide any way to specifically measure thickness. Ideally, thickness can be measured with a viscometer. However, viscometers are not in common use, at least not in health care agencies in Northeast Ohio. Accordingly, Safe Liquids (Lockhart & Rader, 1998) was selected as a way to obtain quantifiable measurements of thickness that can have widespread clinical use. This method requires that 2 oz of a liquid be poured into a funnel with an occluded 8-mm diameter opening. The funnel is then unoccluded to let the liquid flow out. The time that elapses until the first break in the flow of the liquid is then measured. This measurement (flow time) is compared to the tolerance ranges provided in Table 1 to determine the category of thickness of the liquid. Unfortunately, the Safe Liquids manual does not indicate how the tolerance ranges were determined for each thickness category.
The above procedure worked well for the liquids thickened to nectar consistency. The first break in the flow was easily identifiable, and only trace amounts of the liquid remained in the funnel at that time. In addition, the flow times fell within the tolerance ranges provided in Table 1 (i.e., between 2 and 4 s). However, the liquids thickened to honey consistency presented two problems. First, there was considerable liquid left in the funnel when the first break in flow occurred, and flow times were very short. Accordingly, a revised procedure for stopping timing was applied. Timing was stopped when the hole in the funnel was visible from above and flow was significantly reduced. In this way, little liquid remained in the funnel when timing was stopped. Second, it was very difficult to obtain thickened liquids, based on the directions from the can of thickener, whose flow times fell within the range provided in Table 1 for honey (i.e., between 75 and 90 s). A small addition or deletion of thickener (e.g., 1 /4 teaspoon) would cause a large change in flow time.
Accordingly, for the purpose of this study, a liquid was classified as being thickened to a nectar consistency if its flow time was 2 to 4 s using the standard Safe Liquids procedure. A liquid was classified as being thickened to a honey consistency if its flow time was 30 to 90 s using the modified Safe Liquids procedure. It is important to recognize that these terms are used here for convenience only to represent liquids that were slightly thickened and those that were thickened to a greater extent. They may not coincide with thicknesses labeled as nectar and honey in other situations.
Procedures
Two cups were made for each liquid at each level of consistency (nectar and honey). For each cup, 8 oz of liquid were measured and then poured into a plastic 16-oz Solo cup. The amount of thickener that was added to each liquid was doubled from the directions because they were based on 4 oz. The thickener was then stirred into the liquid. When the thickener was completely dissolved, the liquid was given 30 s to thicken (as per instructions). During the 30 s, the temperature was measured using a cooking thermometer. Two ounces of the liquid were poured or spooned into a measuring cup and then transferred to the occluded Safe Liquids funnel. Liquid thickened to honey consistency remaining on the inside of the measuring cup was pushed into the funnel with a spoon. The funnel's opening was then unoccluded and the liquid poured out. Flow time was then measured as described above. The equipment was cleaned and dried after each measurement.
For one cup of each pair, the remaining 6 oz of liquid was tested again for both temperature and consistency after 20 min. The remaining 4 oz of liquid was tested again after another 25 min. For the other cup, the remaining 6 oz of liquid was tested again after 45 min.
Coffee was made by heating water in a microwave and then adding 1 1 /2 teaspoons of instant coffee mix. Chicken broth was made by heating the broth to a boil in a microwave. The cold liquids were tested immediately after removal from a refrigerator.
RESULTS
The flow times and temperatures for the liquids thickened to nectar consistency are displayed in Table 2 . The results are straightforward. The consistency of these liquids did not change over time or changes in temperature. Even in those two instances where the flow times exceeded the tolerance ranges for nectar presented in the Safe Liquids manual (i.e., 2 to 4 s), they never exceeded 7 s. This indicates that these liquids did not continue to thicken over changes in time and temperature to any dramatic extent.
Flow times and temperatures for the liquids thickened to honey consistency are displayed in Table 3 . The Resource prepackaged apple juice-honey consistency acted like a nectar-thickened liquid. Flow times at the outset were 6 s and remained at 5 or 6 s at follow-up testing. Even though these flow times fell above the tolerance range provided for nectar consistencies (see Table 1 ), they clearly remained very short. Accordingly, this liquid was excluded from the analysis.
Room temperature liquids consisted of water (tested twice) and apple juice. The first time the water was tested, 5 1 /2 tablespoons of thickener were used. Cup 1 thickened from a flow time of 43 s at outset to 90 s at 20 min and 89 s at 45 min. All of these flow times fell within the range classified as honey consistency in this study. In contrast, cup 2 thickened from a flow time of 68 s to 180+ s after 45 min. The second time water was tested, 5 tablespoons of thickener were used and much less thickening over time was observed. In fact, all of the flow times remained within the range for honey consistency. Considerable thickening occurred over time with the apple juice. Cup 1 thickened from 54 s at outset to 146 s at 20 min and 180+ s at 45 min. Cup 2 thickened from 65 s at outset to 180+ s at 45 min.
The cold liquids consisted of 2% milk, skim milk, and ginger ale. The 2% milk thickened considerably as it Table 2 . Flow times in seconds and temperatures in degrees Fahrenheit (in italics) for liquids thickened to nectar consistency measured at 0, 20, or 45 min after mixing. All liquids were mixed with 3 tablespoons of thickener (except the prepackaged apple juice). More detailed information about these measurements is contained in the "Measurement Technique" part of the Method section. increased in temperature and sat around. Flow times went from 49 s for cup 1 and 32 s for cup 2 at outset to 180+ for all subsequent measurements. The skim milk thickened to 180+ within 2 min and testing was discontinued. In contrast, the ginger ale demonstrated minimal additional thickening, remaining within the specified range for honey. The hot liquids consisted of coffee and chicken broth. Cup 1 of coffee thickened from 48 s at outset to 160 s at 20 min and 180+ s at 45 min. In contrast, cup 2 remained within the honey range, thickening from 33 s at onset to 84 s at 45 min. It is not clear why the two cups reacted in different ways. The chicken broth thickened considerably. Flow time at outset was 65 s for cup 1 and 45 s for cup 2. Flow times were 180+ for all subsequent measurements.
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DISCUSSION
In general, the results of this study were similar to those found by Biggs et al. (2003) . Liquids thickened to nectar consistency did not thicken further over time, whereas many, but not all, of the liquids thickened to honey consistency did continue to thicken substantially over time. They tested orange juice and apple juice with four different thickeners.
The use of one of those thickeners (Thick-It) and apple juice was duplicated in our study with similar results.
Two unexpected complications occurred during this study. One was the variability in thickener action. On several occasions, adding the prescribed amount of thickener created a liquid that was too thin to be called "honey," even using the broad range of flow times of between 30 and 90 s. However, adding just 1 /2 teaspoon more thickener created a liquid that was too thick. During the first testing of water, the same amount of thickener created a flow time of 43 in cup 1 and 68 in cup 2. During the second testing of water, the reverse pattern was seen. For coffee, a greater amount of thickener created a shorter flow time in cup 2 than was created in cup 1 by a lesser amount of thickener. This variability in thickener action underscores the challenge of obtaining thicker liquids that are mixed to the correct thickness and is consistent with the documented variability in consistencies that was obtained across individuals and institutions (Cichero et al., 2000; Glassburn & Deem, 1998) . Thickening liquids is not an exact science, and variability in measurements cannot be avoided.
The second complication related to the use of Safe Liquids as a tool for measuring consistency. It became evident that following the directions to stop timing when the first break in the flow occurred was not a viable option Table 3 . Flow times in seconds and temperatures in degrees Fahrenheit (in italics) for liquids thickened to honey consistency measured at 0, 20, or 45 min after mixing. Mix is the amount of thickener added (T = tablespoon, t = teaspoon). More detailed information about these measurements is contained in the "Measurement Technique" part of the Method section. for the liquids thickened to honey consistency. Too much liquid remained in the funnel when this happened, and the flow times fell into the tolerance ranges for much thinner liquids. It was decided to stop timing when flow was considerably reduced and the hole in the funnel was visible from the top. This point in time was determined by consensus of the experimenters watching each test. Although some variability in choosing the stop time was inevitable, it was felt that this variability was minimal compared to the overall time durations that were being measured.
Because of these two limitations, only broad interpretations of the results can be made based on whether flow time measures fell within the range for nectar, within the broad range for honey, or substantially above the range for honey.
The consistency of liquids thickened to nectar did not change over time or changes in temperatures. This was true for all of the liquids tested, including room temperature, hot, and cold liquids. This suggests that liquids that are only slightly thickened will remain at that thickness.
In contrast, many of the liquids thickened to honey consistency continued to thicken well beyond the specified range for honey. This was clearly evident for the apple juice, milk (both 2% and skim), and chicken broth. For all of these liquids, the longer flow times were evident after 20 min. In the case of the skim milk, the longer flow times were evident within 2 min. These results may have been caused by interactions of the thickener with the pectin in the apple juice and the protein in the milk (Lowry-Gordon, personal communication, February 24, 2003) .
In contrast, no change in thickness occurred for the ginger ale. This may have occurred because ginger ale contains little nutritional content that would interact with the thickener. In fact, the solution separated and had to be restirred before each flow time test. The benefits of carbonated liquids have been noted elsewhere. For example, Nixon (1997) reported that carbonated liquids led to better swallows with reduced penetration and aspiration as compared to noncarbonated thin liquids. However, the nutritional benefit of carbonated soft drinks must be questioned.
The results were less clear for the water and coffee. Extensive thickening (i.e., flow times of 180+) occurred in one of four trials for the water and one of two trials for the coffee. Reasons for this variability in thickening action are not evident and deserve further study.
Resource prepackaged apple juice-honey consistency was also tested. The flow times were within the 5-to 6-s range, which indicated a consistency closer to nectar than honey. This suggests caution in using a prepackaged mix before testing the actual consistency of the liquid within.
Liquids that continue to thicken over time and changes in temperature can cause several potential problems. Some individuals may have difficulty swallowing the thicker liquids, with a subsequent increased risk of aspiration. They may not be able to exert the pressures required to clear such liquids through the oral-pharyngeal spaces and to remove potential residue. Over-thickened liquids may be unappealing to individuals and, therefore, not consumed. This could jeopardize the person's hydration and nutritional status. Or, rejecting the unappealing thickened liquids, individuals may "sneak" consumption of thinner liquids that have a greater risk factor. Liquids are sometimes alternated with solids to help clear residue. Over-thickened liquids could act more like the solids and contribute to residue buildup rather than clearing it away.
The results of the present study are very similar to those of Biggs et al. (2003) . However, many issues require further study. Additional thickeners than Thick It should be tested with a wide variety of liquids. In particular, Biggs et al. found that Thick & Easy did not over-thicken over time when it was mixed to a honey consistency in orange juice. Additional study of Thick & Easy as compared to other thickeners is warranted. The influence of initial thickness and the amount of thickener used should also be studied. It would also be important to determine when the overthickening occurs. Biggs et al. found over-thickening after an 8-min wait. In the present study, the over-thickening usually occurred by the 20-min test interval. A systematic study of different time intervals would be helpful to identify how quickly over-thickening occurs.
In summary, the results of this study, along with those of Biggs et al. (2003) , suggest that liquids that are slightly thickened (e.g., nectar consistency) will remain at that thickness over time and changes in temperature. However, many liquids that are thickened to a greater extent (e.g., honey consistency) will continue to thicken as they sit around. This could lead to greater risks for the person consuming these liquids. Further study is needed to determine the reliability of these results.
